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Abstract 
 
Due to the development of Internet applications, semi-open learning is increasingly being introduced into 
traditional face-to-face learning and teaching. In several engineering degrees many subjects are developed 
using a project based learning paradigm and therefore the introduction of semi-open elements seems quite 
natural for these subjects; it is not the case, however, of the fundamental programming subjects which are 
still developed using a traditional blackboard approach and have a clear lack of experience in introducing 
both project-based learning and semi-open learning and teaching approach. 
In this work we bring the two year experience gained during the innovative teaching project “Semi-open 
learning through sharing of information and knowledge in a virtual environment”1 at the Industrial 
School of Terrassa, Polytechnic University of Catalonia. The aim of the project was to develop and 
evaluate a methodology that would allow the introduction of semi-open learning into fundamental 
programming subjects using web applications. We will show here the main aspects of such methodology 
as well as issues we were faced to during its implementation and evaluation in a real learning/teaching 
environment. Our approach was implemented using the Basic Support for Collaborative Work (BSCW) 
though it is independent of the web application used. An additional feature of the BSCW system we have 
explored is the log file information on students’ actions kept by the BSCW server. We use an ad hoc 
software that processes the log files and stores the information in a database, which can be then used for 
statistical analysis. The information resulting from log files analysis is a very helpful tool for the teachers 
to monitor the students’ activity during the course development and intervene whenever necessary, for 
instance, to detect low activity students and avoid students’ abandonment. 
We will discuss the benefits of our approach in improving the overall learning outcome of the students 
and also its drawbacks especially as regards the additional amount of work it could imply for the teachers. 
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1. Objectives 
 
The enormous recent advances in information technologies are making possible the 
introduction of semi-open learning/teaching into traditional face-to-face 
learning/teaching. Moreover, a considerable amount of web-based software is already 
available free to the teaching community facilitating thus their use. However, the 
existence of such web applications does not mean that one can readily use them for the 
learning/teaching purposes neither do these applications yield per se an improvement of 
                                                 
1 The project “Semi-presencialitat a través de la Compartició de la Informació i del Coneixement 
virtualment” was obtained in the public competition of Polytechnic University of Catalonia for Innovative 
Teaching Projects for the period 2004-2006. 
 
the learning/teaching process. In order to benefit from many advantages they offer, an 
appropriate methodology for their introduction in the learning/teaching process is 
needed. 
 
The main goal of this work was to develop, implement, and evaluate an appropriate 
methodology that would allow the introduction of semi-open learning/teaching into 
fundamental programming subjects. This objective is the main axis of the innovative 
teaching project “Semi-open learning through sharing of information and knowledge in 
a virtual environment” supported by the Polytechnic University of Catalonia and 
carried out during the period 2004-2006 at the Industrial School of Terrassa, whose 
ultimate goal was to improve the learning outcome of the students. 
 
In order to accomplish this main goal we considered the following objectives. 
 
Objectives related to the learning/teaching process: 
- To better motivate the students in order to obtain their implication in the 
learning process. 
- To foment continuous learning in order to avoid failure and subject abandoning. 
- To improve the communication between the professor and students and among 
students themselves. 
- To provide students with tutoring beyond the professor’s office hours. 
 
Objectives related to the collaborative work: 
- To introduce students to the main aspects of working in group in a virtual 
environment such as planning, debating, sharing, exchanging ideas, etc. 
- To foment the debate and semi-open collaboration between students during the 
realization of laboratory classes. 
- To foment semi-open collaborative work during the realization of the subject’s 
software project to be completed by the students. 
 
Objectives related to the use of new technologies in the learning/teaching process: 
- To use web-based applications that support collaborative work. 
- To break the traditional face-to-face learning as the unique approach of 
learning/teaching. 
- To use resources either than those available in the classroom. 
 
Another objective, though not strictly related to this work, was to extend the approach 
for virtual tutoring of students. Recently, in the context of Bologna Convention, 
professors will be tutoring several students2. The objective was to exploit the 
functionalities of web applications that would facilitate the tutoring of a rather large 
number of students.  
 
These objectives are being supported by the larger community of the Polytechnic 
University of Catalonia based on the Bologna Convention [12] that strongly 
recommends the introduction of the semi-open teaching and virtual tutoring of students 
through the use of Internet applications. 
                                                 
2 This initiative is known as Tutorial Action Group (“Grup d’Acció Tutorial” –GAT) at the College of 
Industrial Engineering of Terrassa, Polytechnic University of Catalonia. 
2. Development of the approach 
2.1 The academic context 
Our work focuses on Fundamental Programming subjects that are taught at several 
technical degrees3 of the Industrial School of Terrassa, UPC. During the first year of 
studies, the students have to deal with programming subjects (usually arranged in 
semestres) that are compulsory, and which, very often, are far from their interests. It 
should be mentioned that programming subjects are new for most of students and 
moreover require a continuous effort especially due to the need of the practice of 
programming.  
 
It happens often that students do not engage enough in the classes, they do not solve the 
proposed problems, and, in particularl, they do not take advantage of the tutoring hours. 
It is very common for a teacher to spend maybe ten to twelve weeks with a little number 
of students, and most of questions/doubts could arise the last two weeks of the course. 
This usually makes teachers to increase the number of hours devoted to tutoring these 
weeks, but, in most cases, the students have not time enough to reach at the minimum 
level by studying the last two weeks. If the student does a continuous work, the doubts 
are solved in little time, because they understand most of the concepts, but when they 
come at the very last moment, they have plenty of concepts which were taught all along 
the course that they do not understand well. 
 
Furthermore, Fundamental Programming subjects have two parts, a more theoretical 
one, and a practical one. Precisely this last one is a source of more difficulties, because 
it involves the solution of a small lab programming project that has to be completed by 
the students grouped in two to three per group.  It has been, therefore, one of the main 
objectives of this work to achieve a long term implication of students and continuous 
study in order to improve the overall learning outcome, reduce the frustration produced 
by the practice of programming and avoid abandonment of the students. 
2.2 Technological context 
Currently, the development of Information and Communication Technologies is 
showing a qualitative change from many perspectives such as Internet and web 
technologies, massive use of computers at home due to low PC prices and, most 
importantly, low cost to Internet access. This has positively influenced teaching in 
general, but especially technical subjects, as it has permitted the design of specific 
software that facilitates both the learning and teaching process (a clear example are the 
talks held with the use of slides created with the help of programs designed for this 
purpose, or the rapid communication thanks to e-mail or web pages). 
 
Along with these changes, a set of programs that facilitate remote asynchronous 
cooperation in the workspaces have also appeared.  Some key features are documents 
repositories, simultaneous chats, and so on. It is important to note that some of these 
programs are available freely or with free licenses for universities. This has influenced 
the education process as regards the introduction of open teaching characteristics to the 
                                                 
3 Technical Electronics Engineering, Technical Electricity Engineering, Technical Mechanical 
Engineering, Technical Textile Engineering, Technical Chemical Engineering, Technical 
Telecommunications Engineering  
 
traditional face-to-face learning and teaching. This context, together with our experience 
in teaching at technical studies, has motivated us to make an effort for achieving an 
intensive use of these technologies in order to improve our teaching tasks. In spite of 
that, by now these tools have been used as support tools, rather than trying to substitute 
presence teaching, that is, as a way to increase the amount of resources left available to 
the students in order to improve communication with the teacher and the rest of the 
students of the same course. This way, collaboration can help the rest of students and 
improve the overall learning outcomes.  
2.3 The proposed methodology 
The methodology we proposed and have exploited during the last two years fall into the 
field of Computer-Supported Collaborative Learning (CLSL). For ease of explanation 
we exemplify the methodology as it is implemented using the BSCW system though it 
is independent for the software used; as a matter of fact it can be implemented by any 
web application that supports basic functionalities of online collaborative work. 
2.3.1 The supporting software tool 
Most of the collaborative work support tools are general in the sense that they are not 
focused into education. This requires a design process that may be quite costly 
depending on the features of the selected tool. In this work, we decided to choose the 
Basic Support for Collaborative Work tool (http://bscw.fit.fraunhofer.de/), developed by 
the Fraunhofer Institut from Darmstadt. This software is freely available for 
universities. The main reason for this choice was the previous experience of some of the 
participants with this tool. Concretely, we need a tool that provides the following 
features: 
- Remote access through the Internet 
- Facilities to design different discussion forums 
- Facilities to design file and document repositories 
- Private working spaces for a single person or group of students 
- Working groups management through the control of the access to the workspace  
- Synchronous and asynchronous communication/collaboration 
 
BSCW offers these features and some others, which we will use in order to monitor the 
students’ activity during the semester. It is interesting to note that BSCW offers simple 
monitoring tools that allow us to control the number and types of accesses to the 
system, monitoring the actions (at least some of them should be supported, such as 
reading a document, modifying it, and so on).  Importantly, BSCW keeps log files of 
students’ activity; we have explored this feature for purposes of statistical analysis. 
2.3.2 Semi-open learning/teaching 
One of the most common frustrations the students are faced along the semester is that 
the schedules of the subjects do generate a discontinuous support from the tutors, in the 
sense that the teacher may not be available at certain moments the student could need 
support, and especially at the ending period of the course. The massive introduction of a 
tool such as e-mail has somewhat alleviated this problem, but this has the drawback of 
giving answers to individual students while, in fact, most of the time students’ doubts 
are common in a classroom. The principal objective of semi-open learning/teaching 
systems is to provide students with a more continuous support to the student all along 
the semester and teachers with tools that facilitate their tasks. One important feature of 
semi-open systems is its capability to increase the efficiency of communication between 
students and the teacher and between students themselves by publishing and sharing 
information in common spaces of the virtual classroom. Other advantages are as 
follows: 
- Permanent access to the sources of updated and structured information of the 
subject. 
- Students can discuss asynchronously among them, and the tutor may read their 
posted messages and intervene whenever convenient. Moreover, as this access 
can also be asynchronous way, it helps the teacher to supervise the discussions 
and be aware of the potential doubts or weaknesses of the students, which might 
not arise during face-to-face classes. 
- Introduction of the students to the virtual collaborative work. 
- Promotion of the use of Information Technologies, which can be very important 
for the professional future of the students. 
 
Now, we detail the development of our methodology using BSCW system. 
2.3.3 Working methodology using BSCW 
The use of BSCW software allows us to face the semi-open learning/teaching task from 
two different points of view: 
- Creation of an adequate working space, with the necessary structure that allows 
the interaction between the students and the access to the teaching resources. 
- Management of the provided resources, and monitoring both the interaction 
among students and the access they do to the common and private workspaces. 
First, we will explain how we designed the working spaces in order to facilitate the 
interaction between students and their access to the continuously updated teaching 
resources. 
Supporting features for students and teachers 
The different tasks that we want to allow the students to realize virtually are essentially: 
(a) tutoring; (b) debates and (c) collaborative work in small groups.  
Tutory: Students must be allowed to put questions through a public discussion forum. 
The objective in this case is threefold: 
- To foment the interaction 
- To benefit students from already solved doubts 
- To allow a flexible timetable for solving doubts, especially to extend it to non-
lecturing/office tutoring hours. 
When a student addresses a question, all the students may interact and intervene, in 
some cases, they will provide the right answer, and in some others a debate could take 
place. In this latter case, the teacher may observe the development of the debate, trying 
to orient the discussion if it is necessary. Clearly, teacher’s action will thus benefit all 
students (those who intervene in the discussion and those who do not) because 
discussions threads are available to all students at any time. 
 
It should be noticed that because tutoring is asynchronously carried out students and the 
teacher need not to meet neither in time nor in space enhancing thus the tutoring. 
Debate: In tutoring, doubts are directed to the teacher, but they are still public 
(submitting private questions to the teacher through the BSCW is also possible). 
Nonetheless, it is very useful to have another discussion space where it is not necessary 
to direct the questions to the teacher. BSCW allows us to design as many discussion 
forums as necessary, and we consider that it is important to have a general discussion 
forum where all students could freely  participate. 
Group Work: Fundamental Programming subjects usually require the realization of a 
small project in groups of two to three students. Traditionally, group work is done in 
face-to-face meetings with the inconvenience of arranging such meetings and limiting 
them to lectives time. In a virtual setting, the working group space is a space where 
students of the same group share information and files in a simple yet efficient way. 
Virtual spaces can be limited to the desired number of students by giving access to the 
space. 
Management features for professors 
In order to make a proper monitoring of the students’ work and to be able to provide the 
necessary help, the teachers can do three types of tasks: 
- Managing of didactic resources 
- Managing project workspaces 
- Controlling and monitoring of the workspaces 
The main way to work with BSCW is via the definition of workspaces, that can be seen 
as a general repository in which all other spaces, discussion forums, files repositories 
and so on, are stored. In order to implement the proposed teaching methodology, we 
have designed two different spaces: 
 
- Common space: Which is publicly accessible to all the students and teachers, 
and that contains information of general interest and the discussion forums. 
- Group space: This space holds a space for each of the students’ groups. 
 
In the following figure we can see a snapshot of the design of these spaces (from the 
view of the teacher who created them.) 
 
 
 
The design of these spaces is detailed next. 
Common space of the subject 
This common space includes: 
- Teacher bulletin board: It is used by the teacher to publish announcements for 
the students. 
- Discussion forum space: The place were discussions are held 
- Programming project space: This is the place where the students deliver their 
work. 
- Course resources space: Repository of resources of the subject. 
- General interest space: It is used to publish manuals, web addresses, and so on. 
In the following figure, we can see the common space of the subject Programming and 
Databases. As it can be seen, apart from the title, we have a brief description of the 
contents, the owner (who in this case is fatos the coordinator of the subject), creation 
date, and some icons that indicate the events that have been generated (these are 
detailed later.)  
 
 
 
In the following figure, we can see how the discussion forum of the subject does hold 
comments which go from doubts on the concepts to comments over the subject itself. It 
is important to note that forum spaces may store objects, but the most common use is 
the icon similar to a sheet of paper. This symbol points to a discussion thread. A thread 
can consist in simply a question and an answer or a question and several answers and 
comments. Each thread must be named according to its contents, in order to make sure 
that the person who reads the title does understand what it is being discussed there. The 
number next to it indicates the number of comments in that thread. We can observe, for 
instance, how the professor has posted an initial message encouraging students to 
publish their questions, which was then followed by the students (16 messages were in 
the message thread). The next figure shows how a discussion thread looks like. 
 
 
 
 
The teaching resources space usually consists of a list of files, such as course notes, that 
can be downloaded (see figure below) by the students: 
  
 
 
The students’ workspace is tailored for the students to deliver exercises and programs 
they complete along the course. This may help the other students of the virtual 
classroom to clarify doubts or to have and extra material  for the subject.  
 
 
Group space 
A private workspace is created for each group where its members can carry out the 
project work, store versions of the project, and do the final delivery. The following 
figure shows the list of groups (each group has a name chosen by its members.) 
 
 
 
The design of the space of a group is pretty simple (see figure below). 
 
 
More precisely, the discussion forum of the group has the same function as in the case 
of the discussion forum in the common space but now limited to the members of the 
group. Delivery space is used to deliver the final version of the project: the teacher will 
download it from there. Partial versions space is used by the members of the group to 
share information between each other, to upload (initial) versions of the project, test 
examples, and so on.  
Monitoring 
Each user has a different view of the system according to its profile. We only use two 
different profiles: manager (for the teacher) and student. The view also depends on the 
working spaces that have been assigned to the user. A manager which has several 
subjects could have the kind of view that is shown in the next figure. 
 
 
 
Thus, this user is owner of Programming subjects, which means that he manages the 
space as regards the access rights of the users, creating new spaces, assigning users 
(students) to workspaces etc. Furthermore, as it has been mentioned, managers can also 
track the use that is given to the whole space. The way it is implemented in BSCW is by 
the use of events. Events are actions that have been applied to an object of a workspace 
at certain moment in time. The different actions supported by BSCW are: 
- Creation: denoted by symbol  indicates that the object has been recently 
created. 
- Visit: denoted by symbol  indicates that this object has been visited by some 
user (for instance some user reads a document). 
- Modification: denoted by symbol  indicates that there is some modification 
inside the indicated space.  
These symbols are used not only to identify what happened in the workspace but they 
also give access to the information the system logged on this event. For instance, if we 
want to know who has read a document which had the symbol  next to it, we can 
click with the mouse and then this information will be shown in the screen as it appears 
in the following figure where we can see which users did read the document and when. 
This is a very useful tool as it allows the teachers to track students’ activities and get to 
know if the documents are read, and so on. At a certain point, the teacher may decide 
that he already checked the events and clean them from the view, although the whole 
history of the objects may be visited at any moment through the menus of the 
application.  
 
 
2.4 Processing of log files and statistical analysis of students’ 
activity 
 
One important feature of the BSCW System is that it keeps the actions (events) of users 
in workspaces in log files of activity. The system can be configured to store logs for a 
given period of time (usually in a daily base). Then, BSCW sends automatically, each 
day, the information on users’ activity to all members of the workspace; this is known 
as daily report feature. Following we give a small excerpt of such report. 
 
This message was automatically generated and sent to you by the BSCW System at 
http://bscw.upc.es. 
 
Daily Workspace Activity Report 
 
Activities in "Assignatures de Programació" 
 
|-- Assignatures de Programació: 
    |-- Estructura de Dades i Orientació a Objectes Quad. Primav. 2006: 
        |-- Espai Comu EDOO: 
            |-- Material Docent: 
                |-- Teoria: 
                    |-- Sentencies_Java_SQL.pdf: 
                        | read by 'jmoreno', 2006-06-01 11:40 
    |-- Programació i Bases de Dades QP 2006: 
        |-- Espai Comú: 
            |-- Fòrum: 
                |-- PROJECTE: 
                    |-- preu de les hores (tipologia): 
                        |-- Nota: 
                            | read by 'IBorja', 2006-06-02 00:32 
                            | read by 'arnaurp', 2006-06-01 11:32 
                        |-- RE: Nota: 
                            | read by 'IBorja', 2006-06-02 00:32 
                            | read by 'arnaurp', 2006-06-01 11:32 
                        |-- Re: Nota: 
                            | read by 'IBorja', 2006-06-02 00:32 
                            | read by 'arnaurp', 2006-06-01 11:32 
                    |-- problemes amb char* i string: 
                        |-- Nota: 
                            | read by 'isaac', 2006-06-01 15:09 
 
 The daily report is a very useful feature since the teacher can track the daily activity of 
the students. Unfortunately, BSCW does not offer functionalities that would allow 
consulting the students’ activity for any given period of time. Clearly, it is very 
complicated to construct the historical information on students’ activity from the daily 
reports. Therefore, we have used a web-based application that automatically reads and 
processes the daily reports and stores the information in a database, which can be later 
used for querying the students’ information. We give in next figures some snapshots of 
this software. 
 
 
 
As can bee seen from the figure above, the software offers a functionality called 
“Extraction”, which when executed checks for new incoming log files (see figure 
below). Then, by clicking “Accept” the log files are processed and the extracted 
information is persisted in a database. 
 
 
Apart from processing the log files, this software can be used by the teachers as an 
additional tool to monitor the students’ activity, more precisely: (a) Create a new 
subject; (b) Consult all the subjects in which a professor is involved. Then, for any 
subject, the teacher can consult (c) Connections done by the students: 
 
 
 
Thus, by consulting the information on the connections of a given student we obtain 
the information as follows: 
 
  
 
- the actions of the students on a certain object (document, folder, note, etc.) in a 
workspace 
 
 
 
Furthermore, the database can be used to extract other information of interest, for 
instance, to consult for a concrete user and for any given period of time: 
 
- all its actions that are of type create; these actions indicate the new objects, 
documents, folders, notes etc., created by the student during the specified period. 
- all its actions that are of type read; these actions indicate the existing 
documents, folders, notes etc., read by the student during the specified period. 
- all its actions that are of type edited; these actions indicate the existing objects, 
documents, folders, notes etc., edited by the student during the specified period. 
 
We show the view of such queries in the following figures. 
 
 
 
 
 
 
 
 
 
Having the database, different types of (complex) queries can be done to the database. 
For instance, we could consult, for any given period of time, the actions performed by 
users during that period (see figure below for an example). 
 
 
 
Or, we could query the number of actions per day and per type of action (see figure 
below for an example). 
 
 
  
Importantly, since the software and the database itself can be accessed remotely, the 
teacher can consult this type of information not only from his office but from any place 
disposing an Internet connection, having thus flexibility in the monitoring process.  
3. Evaluation and conclusions 
The methodology has been applied during two years (4 semesters) in several 
fundamental programming subjects taught in the Campus of Terrassa of the Polytechnic 
University of Catalonia, at the Industrial School of Terrassa, Polytechnic University of 
Catalonia. The results of this experience, one the one hand, show the feasibility of using 
our methodological approach for the introduction of the semi-open learning/teaching 
into Fundamental Programming subjects, and, on the other, the benefits of this approach 
to increase the learning outcome of the students. It should be noted that many web 
applications are currently used as a support for learning and teaching by offering 
repository functionalities. In our approach, the focus is to provide students with 
permanent support through discussion forums, bulletin board, feedback, etc. In 
particular, our approach allows the introduction of the students into the virtual 
collaborative work, which is especially beneficial during the realization of the final 
programming project of the subjects. Furthermore, our approach is useful for the 
professors to monitor the progress of the students, tutoring and orienting of students 
during the course. 
We have implemented our methodology using the BSCW System, a groupware system, 
which offers several functionalities that make easy the implementation of the proposed 
approach. As part of this analysis we have also used additional ad hoc software for 
processing the log files of the students’ activity kept by the BSCW System and offering 
an empirical statistical analysis. The processing of these log files can be done 
periodically, say, per week, and allow teachers to monitor the students’ activity in 
quantitative terms. Though this statistical information cannot be used as conclusive for 
the students’ evaluation, it is very helpful to detect low activity students, and, thus 
alerting the teacher about possible problems. 
 
Another important observation about our approach is the additional workload to the 
teachers. In our experience, the approach requires the teachers get connected in a daily 
base to the workspaces of the subject(s) in order to solve doubts, post new messages, 
monitor the workspaces etc. This extra workload by now has been assumed as an 
additional work to the traditional office hours tutoring; however, it is necessary for the 
Departments and the University to estimate this workload and include it in the total 
workload of the teachers. As a matter of fact, this estimation has to be done due to 
Bologna Convention; therefore it is the right moment to use our two year experience to 
estimate the teachers’ workload resulting from the semi-open teaching approach.  
All in all, our two year experience show that the introduction of semi-open learning and 
teaching through web applications is very beneficial to the students and teachers to 
achieve their academic goals. We plan to explore further lines of this approach 
especially as regards the development of a statistical model for analyzing the 
information about students’ activity kept in the log files. To this end we will extend the 
software that processes log files to include functionalities that allow extracting and 
exporting statistical information and avoiding thus to consult the database in a 
straightforward way. Finally, we would like to extend our experience for the purpose of 
using BSCW or any similar web application as a tool for tutoring system at the 
Industrial  School of Terrassa that is being started as part of European Space of Superior 
Sudies. 
 
Acknowledgments  
 
We would like to thank our colleagues from ICE-UPC for their support during the 
project. In particular our thanks are due to Joaquim Morte for helping us with BSCW 
system. We are very grateful to Carles Giménez Alcober, Josep Casasús Duran and Rut 
Rodríguez Mayorga for their work in the development of the software for processing 
BSCW log files. 
 References 
 
1. Williams, S.M. and Hmelo, C. E. (1998). Learning through problem solving: An 
introduction. Journal of the Learning Sciences, 7 (3&4), pp. 265-270. 
2. Guzdial, M., Kolodner, J.L., Hmelo, C.E., Narayanan, N.H., Carlson, D., Rappin, N., 
Hübscher, R. and Turns, J. (1996) Wendy Newstetter: Computer Support for Learning 
through Complex Problem Solving. Comm. of ACM 39 (4): 43-45. 
3. Basic Support for Collaborative Work: http://bscw.gmd.de/. 
4. Hoffelner, W. R.: Applicability of Groupware for Communication in Different Project 
Environments - A Case Study, Report from ETH Zürich, 2002. 
5. Appelt, W. and Mambrey, P. (1999). Experiences with the BSCW Shared Workspace 
System as the Backbone of a Virtual Learning Environment for Students. Proc. World Conf. 
on Educational Multimedia, Hypermedia, and Telecommunications. 
6. Institut de Ciències de l’Educació, Universitat Politècnica de Catalunya. 
http://www.ice.upc.edu/. 
7. Duch, B., Gron, S. and Allen, D. (Eds.) (2001). The Power of Problem-Based Learning, A 
Practical "How To" For Teaching Undergraduate Courses in Any Discipline, edited by, 
Stylus Publishing.  
8. Maastricht Problem-based Learning.  http://www.unimaas.nl/pbl/. 
9. Problem Based Learning at the University of Delaware. http://www.udel.edu/pbl/. 
10. European Space of Superior Education. Bologna Convention, Bologna, June 1999. 
